In a one dimensional Fermi gas, the scaling properties of the model in which !]2 11 is separated from q,l. arc investigated. The Lie equations for the BGD model (that consists of backward and forward scatterings) are considered in the four independent invariant couplings, q, 11 *, !],H, g,~~* and q,H, and the scaling trajectory is given in (g,11,!g,J.!) plane. Further a phase diagram at OK is investigated. Also a model with the Umklapp processes is considered. § I. Introduction
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In studying a one dimensional Fermi gas, tvvo methods have been used. one as the same as g} (a forward scattering constant between electrons with parallel spins). The RG calculation of the fermion system was first carried out by Menyhiird and Solyom for the spin independent BGD model. 3 l Also, in the same model, S6lyom 4 J calculated correlation functions of the singlet superconductor (SS), the spin density wave (SDW) and the charge density wave (CDW) and Fukuyama et al. 5 J calculated a correlation function of the triplet superconductor. The result is only qualitatively correct in the strong coupling region although quantitatively correct in the weak coupling region.
The scaling law of the spin dependent BCD model (in which the interaction depends on the spin of electron) was investigated by Chui and Lee 6 l in first order of the RG in the bosonized model. Emery et a!. 7l investigated to second order in the bosonized model. On the other hand, Sr.ilyomsJ. *J obtained the scaling law for the spin dependent BGD model by using the RG method applied to the fermion system. In that place, he used a band-width cutoff regarded g/ as the *l In Ref. 8) , the studies of the one dimensional Fermi gas are almost reviewed. same as g2 11 • The result is consistent with that in the bosonized model. Then the Lie equations for the invariant couplings are represent the same process in the model with the band-width cutoff only. In the Hamiltonian with the band-width cutoff only there is, in fact, no distinction between g,ll and g/. This method is a good approximation for the LE model. However, we notice that there is a difference of 2kF of the transfer momentum in the mean.
On the other hand, when one considers only the attractive electron-electron interaction induced by phonon, he n1ust use a transfer cutoff.13l Then, the terms with g,ll and g 211 do not correspond exactly to the same process. 8 11 and !}2 j_, and investigate the boundary between the weak and the strong coupling regions in the spin dependent BGD model. In § 3, we calculate correlation functions and obtain the phase diagram at OK. In § 4, we study the spin dependent one dimensional Fermi gas with the Umklapp processes. In § 5, our result is reviewed and discussion is given. § 2. The spin dependent BGD model
The spm dependent BGD model we investigate 1s
H=Ho+Hb+I-1 1 , In this model, only the band-width cutoff is used a ncl g/ is distinguished from g/.
The Green function for unperturbed system has the same form for electrons with momenta k>O :mel h<O. a, (3, r and iJ represent the spin indices.
(2. 5)
Novv, the general vertex function depends on the s1x external momenta and energies. In the following calculation, we choose the special case shown in Fig.  2 . Then, the vertex function is decom.posed into four p:n-ts as follows:
for the full Green function G (l:F, cu), the multiplicative renormal i~:a tion 1s 2 ·13a) respectively. From Eqs. (2 ·lla) and (2 ·13a), we obtain the trajectory of scaling in (g2.L, lg1.L I) plane. This is shown in Fig. 3 . Further, we obtain the projection of scaling trajectory to (g 1 11 , I g 1 .L I) plane for g 11 2 = g2.L initially. This is shown in Fig. 4 . Figures 3 and 4 are as follows. We analytically get the fixed points of the invariant couplings and the boundary and qualitatively draw the flow lines. This is enough for our purpose, since we are interested in the fixed points and boundary. Further, the fixed points of g,.L* and g 2 .L* are used to obtain the fixed point of g/'*· In Fig. 4 , we see that the boundary between the weak and the strong coupling regions is given by lg1. 11 initially. Then, the boundary passes the origin, i.e., (g1 11 , lg/ I)= (0, 0) Next, we obtain a fixed point in the weak coupling region as follows:
a Vlcl-
Here the bare couplings are vveak, lgil~1 (i=1, 2). Therefore m the above result we have shown the fixed point obtained from the first order Lie equations. In the strong coupling region, the invariant couplings are scaled as follows:
Note that one should not take the value of the fixed point too seriously in the strong coupling region, although the value of the fixed point is correct in the weak coupling regwn. § 3. Correlation functions
We consider four correlation functions, i.e., the singlet superconductor (SS) Lls, the triplet superconductor (TS) .dr, the spin density wave (SDW) X and the charge density wave (CDW) 1V. In general, the correlation functions are defined as
R(l~, cu) =-iS dte-iwt(T[O(k, t)Ol(k, 0)]), (3·1)
where T is a time ordering operator. Operator 0 (/c, t) is given for each correlation function as follows. sJ (I) Singlet superconductor Lls 
Ri=Lis, LiT, X or N.
We first consider the weak coupling region. Using (2·14), we obtain the ground states as TS (for Sz= ±1), (SS, TS (for Sz=O)) for a>~Jcl,
TS (for Sz= ± 1), (SDW (for the transverse spin density))
for O<a<~!cl,
SDVV (for the transverse spin density), (TS (for Sz= ± 1))
SDW (for the transverse spin density), (CDW, SDW (for the longitudinal spin density))
where the most dominant ground states are represented without parentheses.
Secondly, we consider the strong coupling region. The exponents of the correlation functions are Note that one should not take the values of the exponents too seriously in the strong coupling region as well as the value of the fixed point, although it is qualitatively correct. In the weak coupling region, the values of the exponents are correct.
We conclude this section as follows. Only if g/ 1 = g2 j_ initially, the phase diagram of the weak coupling region, i.e., (3 · 9) ~ (3 ·12), is reduced to that obtained for the model in which g2"* is fixed to g2u. § 4. Umklapp processes
In this section, we consider the one dimensional Fermi gas with the Umklapp processes. We add the Hamiltonian of U-processes to the Hamiltonian (2·1) for a half-filled bane!. Note that g, 11 ( 4 · 7). This graph is similar to that for 'the model m which gz'l* is fixed to g2 _~_*. 8 
),H)
But g, 11 * depends on g 3 _~_*. Therefore the trajectory of (g,ll, /g,_~_ /) plane 1s more complicated than that of the BGD model. The incline of the boundary line between the weak and strong coupling regions increases or decreases according to the bare coupling g3 _~_ as well as g/ 1 -g2 _~_ in (g,ll, /g,_~_/) plane. Then the boundary passes the origin, i.e., (g, 11 , /g/-/) = (0, 0).
In the weak region of all couplings, the invariant couplings are scaled as follows:
Next we consider the correlation functions. In the first order approximation, the Lie equations for the correlation functions are the same as those in the BGD model except that for the transverse spin density and the charge density. The Lie equations for the transverse spin density and the charge density correlation func tions are The double signs of the definition (3 · 6) represent the same state except for the phase factor. This phase facor is unimportant. Therefore the upper and clown signs of Eq. ( 4 ·10) should be used for g 3 _~_<0 and g 3 _~_ >O respectively, so that one obtains the divergence of the correlation function in the strong coupling region.
From the above consideration, we see the following. In the weak coupling region, the phase diagram at OK is the same as that obtained in § 3 (see Eqs.
(3 · 9) r-J (3 ·12)) only if a of § 3 is replaced by /3.
For this region, the result is correct although we cannot quantitatively discuss other regions. § 5. Summary and discussion
In this paper, we have considered the model in which g,ll is distinguished from g211 by using the band-width cutoff.
In § 2, we have investigated the spin dependent BGD model with the four independent couplings, i.e., g/ 1 , g11-, g2 11 and g,1-. In that place, g211* and g21-* are separately scaled from each other even for g} = g2-L initially. The incline of the boundary line increases or decreases from unity according as (J.J_>(Jz 11 or g21-<g 11 2 initially. Then the boundary passes the origin, i.e., (g111, [g1-L [) = (0, 0). Further, backward scattering completely vanishes in the weak coupling region and the model moves to the Tomonaga model with forward scattering only.
In § 3, we have calculated the correlation functions. The result of the weak coupling region reproduces that for the model in which g2"* is fixed to azj_*, only if g2 11 = g21-initially. In the strong coupling region, the SS state and the CDW, or the TS state (Sz = 0) and the longitudinal SDW form at 0 K, according as g11-<0 or g11->0.
In § 4, we have studied the model with the U-processes in the first order approximati on. The scaling does not separate into (g1 1 Instead of the band-width cutoff, one can also use the transfer cutoff. The influence by using the transfer cutoff appears not in the first order corrections of the invariant couplings but in the second order corrections. The second order corrections are significant in the strong coupling region. Originally, the physical properties of the strong coupling region are quantitative ly incorrect. On the contrary, in the weak coupling region the first order corrections are important and the physical properties obtained by using the first order corrections are quantitatively correct. Further, the boundary is determined by the first order Lie equations, since the bare couplings are weak, i.e., [gi[~l. Therefore, our result is not changed by using the transfer cutoff.
Finally, we stress the following. Only if g1 11 =/=g11-initially, the scaling of g2 11 * differs from that of g2H in our model in which g111 is distinguishe d from g2 11 and therefore the separation of g}* from g21-* is reasonable in our model. In the LE model, the system is not renormalize d in the case g11-= 0, since g1" scattering is regarded as the same as g211 scattering. That is, in the LE m.odel, g111 scattering does not play a role of backward scattering. In our model, however, g111 scattering is distinguishe d from_ g2 11 scattering and play a role of backward scattering. Therefore the system is renorma1ize d in the case g1-L = 0 and g 1 "=/=0.
Of course, the system is not renormalize d in the case g1 11 = g11-= 0.
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